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3 302 023 

APPARATUS FOR PRODUCING THREE-DIMEN- 
SIONAL RECORDINGS OF FLUORESCENCE 
SPECXI^A 

Myron M. Scfaachter, Washington, D.C., assignor to the 
United States of America as represented by the Ad- 
ministrator of the National Aeronautics and Space Ad- 
ministration 

Filed Feb. 20, 1964, Ser. No. 346,356 
8 Claims. (CL 250—71) 

The invention described herein may be manufactured 
and used by and for the Government of the United 
States of America for governmental purposes without the 
payment of any royalties thereon or therefor. 

This invention relates generally to spectrophotometers, 
and more particularly to a spectrophotofluorometer for 
measuring the fluorescence spectra of trace amounts of 
carcinogenic and non- carcinogenic hydrocarbons and dis- 
playing said spectra on a three dimensional graph. 

Spectrophotometers have, in recent years, become valu- 
able in the investigation of the properties of various 
chemical elements and compounds. A knowledge of the 
propetries of any compound or element is necessary to 
identity that compound or element. The chemical prop- 
erties of some of the more recently discovered compounds 
such as the carcinogens and certain non-carcinogens are 
very similar, consequently, more sophisticated methods 
and apparatus are necessary to detect the differences be- 
tween these compounds. One way of obtaining the neces- 
sary information is to measure the light absoption and 
emission properties of the compounds. 

Spectrophotofluorometers have been used extensively 
for measurements when it is desired to determine the 
fluorescent properties of compounds in the ultraviolet 
or near ultraviolet region of light wavelengths. Advan- 
tages which are characteristic of the spectrophotofluorom- 
eters reside in its ability to be used over a wide range of 
wavelengths in the ultraviolet region and give accurate 
results without the use of extremely complex equipment. 
It provides a relatively simple apparatus for obtaining 
the fluorescence spectra of the chemical under examina- 
tion as hereinafter set forth. 

A spectrophotofluorometer generally includes a source 
of ultraviolet light which is dispersed and passed by a 
monochromator, this first or excitation monochromator 
contains a ruled grating which is connected to and rotated 
by a seromotor having a servopotentiometer. The servo- 
potentiometer has an electrical output which is propor- 
tional to the position of the grating, the position of the 
grating determining the wavelength of the light dispersed 
and passed by the monochromator. By connecting a 
voltage measuring instrument to this output an accurate 
indication of the location of the grating can be obtained. 
The light passed by the excitation monochromator im- 
pinges on a solution containing a sample of the material 
whose fluorescent properties are to be measured. The 
impinging light is absorbed and then re-emitted by the 
solution at different wavelengths as more fully described 
hereinafter. This re-emitted light is dispersed by and 
passed through a second monochromator, this second 
or emission monochromator is similar to the excitation 
monochromator, it is driven by a servomotor having a 
servopotentiometer whose voltage output is proportional 
to the position of the monochromator’s grating which 
determines the wavelength of the light dispersed by the 
monochromator. The output from the emission mono- 
chromator impinges on the cathode of a photomultiplier 
tube whose output is a direct measurement of the in- 
tensity of the light impinging thereon. 

Therefore, a spectrophotofluorometer basically meas- 
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ures three parameters: the fluorescent intensity of the 
emitted light from the solution under investigation; the 
wavelength of the light impinging on the solution; and 
the wavelength of the light emitted from the solution. 

5 The prior art method of obtaining and recording the 
fluorescent spectra of a chemical involves plotting the 
measurements of the voltage output from the photo- 
multiplier tube against either the output from the excita- 
tion servopotentiometer or the output from the emis- 
10 sion servopotentiometer. By the use of the prior art ap- 
paratus two-dimensional graphs of the three spectral 
characteristics of certain chemicals such as carcinogenic 
and non-carcinogenic hydrocarbons are obtained. 

More specifically, the prior art method of obtaining 
15 the foregoing graphs using a spectrophotofluorometer is 
as follows: a light of a specific wavelength, known as 
excitation light, was focused on a hydrocarbon sample in 
solution, by the excitiation monochromator. Then the 
light emitted from the sample was measured both for 
20 intensity by the photomultiplier tube and for wavelength 
by the emission monochromator. A graph was made of 
these two measurements, the intensity of the light emitted 
was plotted against the wavelength of the light emitted. 
A second graph was obtained by filtering the emitted 
25 light through the emission monochromator to only pass 
one wavelength and measuring the intensity of the light 
emitted at this wavelength as the wavelength of the 
excitation light was varied. The monochromators are 
in effect light filtering means for passing a very narrow 
30 band of light. By detecting and plotting fluorescent in- 
tensity against either excitation wavelength or emission 
wavelength, with one being held constant while varying 
and measuring the other, a total graphical picture of the 
fluorescent spectra was obtained. It is apparent that for 
35 the measurement of complex spectra the recording of 
a complete series of excitation versus intensity and emis- 
sion versus intensity graphs is a tedious task. The range 
of excitation and emission wavelengths of interest are 
from approximately 2,000 Angstrom units to 8,000 Ang- 
40 strom units and to obtain sufficient information for 
this range, which results in an accurate picture of the 
spectra, a considerable number of recordings and plot- 
tings are required. For a complete indication of the 
total spectra an almost infinite number of graphs would 
45 be necessary. 

A further disadvantage of the prior art resides in the 
inbility to display all three variable parameters on one 
specific set of axis at any specific time. The failure 
to provide for a three dimensional display method of 
50 viewing all the parameters requires than an investigator 
analyze a multitude of complex graphs to determine the 
properties of the compounds being investigated either 
for comparison purposes of for obtaining specific in- 
formation. Many hydrocarbons are quite similar and 
only by a thorough investigation of the graphs can their 
differences be distinguished. 

Accordingly, it is an object of the present invention 
to provide a new and improved method of fluorescence 
spectra analysis. 

Another object of the present invention is to provide 
a new and improved apparatus for fluorescence spectra 
measurement. 

It is a further object of the present invention to provide 
a simple method and apparatus for displaying the fluo- 
rescence spectra of a solution. 

It is also an object of the present invention to provide 
a simple method and apparatus for displaying the fluo- 
rescence spectra of a solution on a three element display 
means. 

' It is an additional object of the present invention to 
provide a simple method and apparatus for displaying the 
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fluorescence spectra of a hydrocarbon solution on an 
oscilloscope. 

The foregoing and other objects are attained in the in- 
stant invention by providing an oscilloscope connected in 
a specific manner to a conventional spectrophotofluorom- 5 
eter of a type well known in the prior art. For example 
the Aminco-Bowman Model No. D49-55074 Serial 10. 
Broadly an electrical signal is obtained from the excita- 
tion monochromator of the spectrophotofluorometer, 
which is proportional to the wavelength being passed by xo 
said monochromator, and connected to the vertical de- 
flection plates of an oscilloscope. A second electrical sig- 
nal is obtained from the emission monochromator, which 
is proportional to the wavelength of the signal passed 
by said monochromator, and is connected to the hori- 15 
zontal deflection plates of the oscilloscope. A third elec- 
trical signal is obtained from the photomultiplier tube, 
which detects the intensity of the emission spectra, and 
connected to a trigger amplifier and oscillator which in 
turn controls the intensity of the beam of the cathode 20 
ray tube of the oscilloscope. 

In operation both the excitation and the emission mono- 
chromators are driven by servomotors having servopoten- 
tiometers which generate electrical signals proportional 
to the location of the respective monochromator disper- 25 
sion gratings. The location of the gratings determines the 
wavelength of the light passed by the monochromators. 
Consequently, the resultant signal on the oscilloscope is 
at an angle to the horizontal and by having the servo- 
motors turning at slightly different speeds this diagonal 30 
line will move across the screen of the cathode ray tube 
at right angles to itself. The resultant signal appears to 
be a conventional television raster at an angle which is 
determined by the magnitude of the signals applied to the 
horizontal and vertical deflection plates. The magnitude 35 
is determined by the intensity of the signal obtained from 
the excitation and emission monochromators. 

By displaying the three foregoing characteristics on the 
face of the cathode ray tube a fluorograph is obtained 
which contains information on the chemical composition 40 
of the hydrocarbon sample and which can be used to 
identify the sample. For example, any specific sample 
will always have the same fluorograph. However, if two 
hydrocarbon samples are different and even if these dif- 
ferences can not be chemically detected without making 45 
a sophisticated analysis they will have different fluoro- 
graphs. 

Besides using the instant invention for the identification 
of hydrocarbon samples the resultant fluorograph pro- 
vides additional information. For example, with a hydro- 50 
carbon sample two bright areas appear having dimensions 
proportional to the width of the corresponding spectral 
band. The coordinates of the centroid for each discrete 
area are the wavelengths of the excitation and emission 
maxima. The distance between these bright areas is re- 55 
lated to the chemical properties of the hydrocarbon, and 
provides information as to whether the sample is a car- 
cinogen or non-carcinogen. There are many non-carcino- 
genic hydrocarbons almost identical in structure to the 
carcinogens and their distinction at very low levels re- (50 
quires a detailed examination of the fluorescent spectra. 

The instant invention contemplates that the fluorograph 
displayed on the cathode ray tube can be photographed, 
using for example, a Poloroid Land Camera and very 
fast film such as 10,000 ASA for a permanent record (55 
of the information displayed. By adjusting the voltage 
level at which the cathode ray tube beam is turned on 
several photographs at different intensity levels can be ob- 
tained. By stacking these photographs a stereofluoro- 
graph can be obtained which is a three dimensional dis- 70 
play of the location of fluorescent maxima. And by the 
use of a controllable triggering device, for turning the 
cathode ray tube off and on, information can be obtained 
about the intensity of the fluorescent light emitted by t he 
hydrocarbon sample. 
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It can be readily seen that the instant invention can 
be adapted to obtain the fluorescent spectra of other com- 
pounds and is not limited to hydrocarbons. 

Other objects and many of the attendant advantages 
of the invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in conjunction with 
the accompanying drawings wherein: 

FIG. 1 is a partially schematic and partially block 
diagram of the improved apparatus of the instant inven- 
tion; 

FIG. 2 is an example of the type of fluorographs ob- 
tained by the instant invention; and 

FIG. 3 is a circuit diagram of a typical trigger ampli- 
fier and oscillator for use in the instant invention. 

Referring now to the drawings, in a spectrophotofluo- 
rometer 10 such as Aminco-Bowman Model No. D49- 
55074 Serial 10, is shown in FIG. 1 as comprising a 
xenon light source 11, an excitation monochromator 12* 
a hydrocarbon sample in solution 13, an emission mono* 
chromator 14, and a photomultiplier tube 15. Light from 
the xenon light, source is focused along a line 16 into the 
excitation monochromator 12 which disperses the light 
and focuses a specific wavelength on the hydrocarbon 
sample 13 along a line 17. The light emitted from the 
hydrocarbon sample is focused along a line 18 into the 
emission monochromator 14, which in turn disperses the 
light and focuses it along a line 19 onto the cathode 3© 
of the photomultiplier tube 15. 

The gratings of the monochromators 12 and 14 are 
driven by servomotors 31 and 32, respectively having 
servopotentiometers 33 and 34, respectively generating 
output voltages which are proportional to the location of 
the gratings. The servopotentiometer 33 of the excitation 
monochromator 12 is connected to the vertical deflection 
plate terminals 20 of the oscilloscope 21. The Servo- 
potentiometer 34 of emission monochromator 14 is con- 
nected to the horizontal deflection plate terminals 22 of 
the oscilloscope 21. 

The output from the photomultiplier tube is connected 
to the input terminals 23 of the photometer 24. The out- 
put terminals 25 of the photometer 24 are connected 
to the input terminals 26 of the trigger amplifier and 
oscillator 27. The output terminals 28 of the trigger 
amplifier and oscillator 27 are connected to the grid 
intensity control terminals 29 of the oscilloscope 21. 

The system disclosed in FIG. 1 operates as follows: 
xenon light source 11 generates light with wavelengths 
that include the ultraviolet spectrum. The light from 
the xenon light source 11 is focused along a line 16 into 
the excitation monochromator 12 wherein it is dispersed 
by the monochromators grating. The servopotentiom- 
eter 33 of the excitation monochromator 12 is calibrated 
with and connected to control the vertical deflection of 
oscilloscope 21. The calibration is such that specific 
increments of vertical deflection of the oscilloscope are 
proportional to changes in the wavelength of the ultra- 
violet light dispersed and passed 'by the excitation mono- 
chromator 12. Consequently, when the vertical deflec- 
tion of the cathode ray tube beam changes by a specific 
increment it can be equated to the change in wavelength 
passed by the excitation monochromator 12. 

The excitation monochromator 12 disperses light that 
is generated by the xenon source 11 and contains a 
movable grating which allows only a very narrow 'band 
of wavelengths in the ultraviolet region to be passed 
therethrough. Consequently, the output from the ex- 
citation monochromator 12 is a very narrow band of 
ultraviolet light. This narrow band of ultraviolet light 
passes along a line 17 and impinges on the hydrocarbon 
sample 13; The hydrocarbon sample 13 absorbs this 
narrow baftd of ultraviolet light and in turn generates 
ultraviolet light of different wavelengths. This is caused 
by the interrelationship of the electrons and their ability 
75 to move from one energy level to another. The light 
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impinging on the sample causes the electrons to absorb 
certain amounts of energy in the form of light which 
causes them to move to higher energy levels. Imme- 
diately these electrons attempt to return to lower energy 
levels and in so doing emit energy as light but at differ- 5 
ent wavelengths. Also, some of the energy absorbed by 
the sample is emitted as other types of energy, such as 
heat. The light emitted from the hydrocarbon sample 
passes along a line 18 and impinges the emission mono- 
chromator 14. 10 

The output from the servopotentio meter 34 of the 
emission monochromator 14 which is proportional to the 
position of the grating is connected to the horizontal de- 
flection plate terminals 22 of the oscilloscope 21 and 
operates in a manner similar to that of the excitation 15 
monochromator 12 which is connected to the vertical 
deflection plate terminals 20 of the oscilloscope 21. The 
horizontal deflection of the cathode ray beam is cali- 
brated such that its location is a measurement of the light 
passing through the emission monochromator and servo- 20 
potentiometer 14. 

The emission monochromator 14 is identical to the ex- 
citation monochromator 12. It has a grating which dis- 
perses and passes light only over a narrow band of wave- 
lengths in the ultraviolet region. The location of the 25 
narrow band with regard to wavelength depends upon 
the location of the grating. 

The output from the emission monochromator 14 
passes along a line 19 and impinges on the cathode 30 
of a photomultiplier tube 15. The photomultiplier tube 30 
15 operates in a conventional manner, it amplified the 
electron current from the cathode which is proportional 
to the light impinging thereon. The photomultiplier 
tube 15 is connected to a photometer 24 which measures 
the current output and is thereby indicative of the in- 35 
tensity of the light impinging on the cathode 30 of the 
photomultiplier tube 15. The photometer 24 is an am- 
meter for measuring the current output from the photo- 
multiplier tube 15 graduated in terms of light intensity. 

The output from the photometer 24 is connected to a 4 
trigger-amplifier and oscillator 27 which operates in a 
manner more fully described below. When the output 
from the emission monochromator reaches a specific 
level the trigger amplifier and oscillator 27 generate out- 
put pulses which are applied to the intensity grid control 
29 of the oscilloscope 21. Consequently, whether the 
cathode ray tube electron beam is on or off is an indi- 
cation of the intensity level of the light passed by the 
emission monochromator 14 and detected by the photo- 
multiplier tube 15. By controlling the trigger level of 50 
the trigger amplifier and oscillator 27 the intensity level 
necessary to turn the cathode ray tube beam on can be 
controlled and measured. 

FIG. 2 is an example of the type of information dis- 
played on the face of the cathode ray tube of oscilloscope gg 
21. The beam sweeps along a diagonal which is con- 
trolled by the excitation monochromator 12 for vertical 
deflection and the emission monochromator 14 for hori- 
zontal deflection. By having the servomotors driving the 
monochromators rotating at slightly different speeds the qq 
diagonal line will move across the screen as a raster type 
signal and will not be repetitious along one line. FIG. 2 
shows two maxima areas of light intensity displayed on 
the face of the tube. These areas which are above the 
level necessary to turn on the trigger amplifier and oscil- gg 
lator 27 and obtain output pulses therefrom, designated 
A and B, identify the hydrocarbon sample. They repre- 
sent the location of emission intensity maxima and the 
excitation and emission wavelengths at which these maxi- 
ma occur. All hydrocarbons of the same composition 70 
will have the same fluorograph displayed. Conversely, 
hydrocarbons having all the same apparent chemical 
properties but having different structures, will have dif- 
ferent fluorographs because of their structural differences. 

The fluorographs will have different maxima located at 75 
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different positions. Consequently, the instant invention 
provides a unique way of identifying hydrocarbons sam- 
ples without going through involved complex chemical 
and physical property tests. 

One of the important advantages of the instant inven- 
tion is that it provides a unique way of determining 
whether a hydrocarbon sample is or is not chemically 
reactive to light. Generally, a hydrocarbon sample will 
have two specific areas where the emission maximas 
occur. The distance, which represents the location of 
the maximas in excitation and emission wavelengths, be- 
tween these two areas, A and B, indicate whether or not 
the hydrocarbon is chemically reactive to light. The 
closer the areas are together the more chemically re- 
active is the hydrocarbon sample. 

FIG. 3 discloses one type of trigger amplifier and os- 
cillator 27 adequate to perform the triggering function 
for the instant invention. The circuit consists of a uni- 
junction oscillator 40. The setting of two potentiometers 
41 and 42 determine the amount of input voltage neces- 
sary to make the circuit oscillate. The output from the 
unijunction oscillator 40 is connected to a common emit- 
ter amplifier 43 whose output in turn is connected to a 
neon chopper circuit 44. The output from the chopper 
circuit 44 is connected to the intensity control terminals 
29 of the cathode ray tube of the oscilloscope 21. When 
the output from the emission monochromator reaches a 
specific level it will turn the unijunction oscillator circuit 
40 on which will in turn provide a signal to the common 
emitter amplifier 43 which will then allow pulses from 
neon chopper circuit 44 to be applied to the cathode ray 
tube grid circuit. The circuit shown in FIG. 3 is con- 
ventional and any low level trigger amplifier and os- 
cillator circuit that will detect the output from the pho- 
tometer and generate the required voltage to control the 
intensity of the cathode ray tube beam when it reaches 
a certain level will be adequate. 

By photographing the picture displayed on the face 
of the tube a permanent record of the information con- 
tained in the display at the level, determined by the 
settings of the potentiometers 41 and 42 of the trigger 
amplifier and oscillator 27, can be obtained. By varying 
the setting of the two potentiometers, 41 and 42 displays 
at different levels can be obtained. By taking photo- 
graphs of the displays at different intensity levels and 
stacking the photographs according to the intensity levels 
at which they were taken, stereoflu orographs are obtained 
which give an accurate three dimensional view of the 
peak or maximas of the hydrocarbon under test. 

It is evident that the instant invention disclosure pro- 
vides a method and apparatus which displays the fluores- 
cence spectral parameters of a compound to produce 
in effect a “stereofingerprint’ 1 * of fluorescent substances. 
It delineates not only activation and emission wavelength 
and emission intensity, but also for each peak the stereo- 
envelope (when the fluorographs are stacked) of the 
spectral bands for the two fundamental parameters of 
excitation and emission. Accordingly, it permits a unique 
characterization of very closely related structures. 

Obviously, numerous modifications and variations of 
the present invention are possible in the light of the above 
teachings. For example, by aligning two spectrophoto- 
fluorometers with regard to excitation and emission mono- 
chromators and applying the outputs to a dual beam 
scope a comparison of two samples can be displayed. 
The intensity of the light emitted by one sample con- 
trolling the first beam and the intensity of the light 
emitted by the second sample controlling the second beam. 

An additional example of an obvious modification is 
to insert a level sensing device after the photometer 
wherein a voltage is only passed when it is within a pre- 
determined narrow range. This results in more accurate 
knowledge of the information displayed. Rather than 
knowing that the signal is only above the level necessary 
to turn on the trigger amplifier and oscillator it is now 
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known that the display is within the predetermined range 
of intensities. Obviously, a plurality of photographs of 
the resultant display for different intensity ranges could 
be taken and the photographs stacked in the manner pre- 
viously set forth to obtain a stereofluorograph of the 5 
material being observed. It is therefore understood that 
within the scope of the appended claims, the invention 
may be practiced otherwise than described herein. 

I claim: 

1. Apparatus for displaying the fluorescence spectra 10 
of a polynuclear hydrocarbon on the face of the cathode 
ray tube of an oscilloscope which has inputs for con- 
trolling the vertical deflection, the horizontal deflection, 
and the intensity of the cathode ray tube beam compris- 
ing: a broad spectrum light source; an oscilloscope; a 15 
first filter for passing light from said source and having a 
second output which is an electrical signal proportional 
to the wavelength of a light passed therethrough; said 
second output of said first filter means being connected 
to the vertical deflection plates of said oscilloscope; a 20 
polynuclear hydrocarbon solution; said polynuclear hy- 
drocarbon solution located so as to be in the beam of 
light passed through the said first filter means; a second 
filter means located so as to intercept the light emitted 
by said polynuclear hydrocarbon solution; said second 25 
filter .means having a second output which is an electrical 
signal proportional to the wavelength of the light passed 
therethrough; said second output of said second filter 
means being connected to the horizontal deflection plates 
of said oscilloscope said second outputs of said first and 30 
second filters being both continuously and simultaneously 
variable; a light intensity detecting means connected so 
as to intercept the light output from said second filter 
means; said light intensity detecting means having an 
output which is proportional to the light intercepted; the 35 
output from said light intensity detecting means being 
connected to the intensity control of the oscilloscope for 
controlling the intensity of the electron beam of the os- 
cilloscope whereby the wavelength of the excitation and 


8 

the emission light from said polynuclear hydrocarbon 
control the position of the electron beam of the oscil- 
loscope and the output from the light intensity detect- 
ing means controls the intensity of the electron beam of 
the oscilloscope all of which are dependent upon the 
physical characteristics of the hydrocarbon sample. 

2. Apparatus as described in claim 1 wherein the first 
and second filter means are monochromators. 

3. Apparatus as described in claim 2 wherein the light 
source provides light in the ultraviolet region. 

4. Apparatus as described in claim 3 wherein the ultra- 
violet light source is a xenon source. 

5. Apparatus as described in claim 4 wherein the light 
intensity detecting means is a photomultiplier tube. 

6. Apparatus as described in claim 5 wherein a trigger 
amplifier and oscillator is connected between said photo- 
multiplier tube and the control grid of the oscilloscope 
for turning the cathode ray tube beam on only when the 
intensity of the emitted light is above a predetermined 
level. 

7. Apparatus as described in claim 6 wherein a pho- 
tometer is connected between the photomultiplier tube 
and the trigger amplifier and oscillator for measuring the 
intensity of the emitted light. 

8. Apparatus as described in claim 7 wherein means 
are provided to photograph the optical output of said 
oscilloscope. 
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